Oxidation of Cu, Zn-superoxide dismutase by the myeloperoxidase/hydrogen peroxide/chloride system: functional and structural effects.
This study investigated the functional and structural effects of bovine Cu, Zn-superoxide dismutase (Cu, Zn-SOD) oxidation by the myeloperoxidase (MPO)/hydrogen peroxide (H2O2)/chloride system and reagent hypochlorous acid (HOCl). Exposure to HOCl led to a fast inactivation accompanied by structural alterations. The residual SOD activity depended on the reactants concentration ratio and on the exposure time. The concomitant high consumption of HOCl indicated the presence of multiple targets on the protein. As assessed by SDS/PAGE, HOCl caused the dissociation of the protein into protomers at 16 kDa stable to both SDS and reducing conditions. Results from isoelectric focusing gels showed that exposure to HOCl induced the formation of modified protein derivatives, with a more acidic net electric charge than the parent molecule, consistent with the presence of additional ions observed in the electrospray ionization mass spectra. The reaction of protein with HOCl resulted in changes in protein conformation as assessed by the UV fluorescence and oxidation of the unique methionine and tyrosine, chlorination of several lysines with formation of chloramines. There was no significant formation of dityrosine and carbonyl groups. Exposure to high levels of HOCl resulted in complete enzyme inactivation, loss of additional lysine, histidine and arginine residues and coincident detection of weakly bound zinc and copper using 4-pyridylazaresorcinol. Collectively, the results suggest that the decrease of the dismutase activity is probably related to both dissociation into protomers and unfolding due to extensive oxidative modifications of amino acids.